An active methylene compound, malononitrile, was introduced into the structures of a series of disperse dyes previously prepared by coupling phloroglucinol, barbituric acid, and and -naphtho to 4-amino-3-nitrobenzaldehyde. The dyes were purified by recrystallization from ethanol. The purity of the dyes was examined by thin-layer chromatography (TLC) and the dyes were characterized by visible absorption and Fourier transform infrared spectroscopy (FTIR). The malononitrile-condensed dyes produced deeper colours and shades with better fastness to wash, light, and perspiration on application to polyester and nylon fabrics when compared to their uncondensed analogue.
Introduction
Disperse dyes are substantially water-insoluble nonionic dyes which are applied to hydrophobic fibres (cellulose acetate, polyester, and nylon) from aqueous dispersions [1] [2] [3] [4] [5] .
Disperse dyes are characterized by the absence of solubilizing groups and low molecular weight. From a chemical point of view, more than 50% of disperse dyes are simple azo compounds. About 25% are anthraquinones and the rest are methine, nitro, and naphthoquinone dyes [6] . The most dominant group of these dyes are the azo disperse dyes which account for approximately 60−70% of all disperse dyes manufactured [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
The use of malononitrile (propanedinitrile, dicyanomethane; malonic (acid) dinitrile; propiodinitrile; methylene cyanide; cyanoacetic acid nitrile; malonitrile; malodinitrile) either as a coupling or diazo component or condensing agent with different chromophoric compounds in the synthesis of disperse dyes have been reported [1, 5, [11] [12] [13] [14] [15] [16] . However, there seem to be no literatures on the condensation of disperse dyes derived from 4-amino-3-nitrobenzaldehyde coupled to phloroglucinol, barbituric acid, and and -naphthols with malononitrile. The present study reports the synthesis of new malononitrile-condensed disperse dyes and their application onto polyester and nylon fabrics.
Malononitrile was successfully introduced into the structures of four dyes (D1-4) previously prepared by the conventional diazotization and coupling methods to give dyes (D5-8) (see Figure 2 ). This was achieved by the Knoevenagel condensation in which a molecule of water was eliminated by way of nucleophilic addition of an active hydrogen compound (malononitrile) to a carbonyl group (C=O) contained in 4-amino-3-nitrobenzaldehyde followed by a dehydration reaction. The base in the reaction was piperidine. The products have larger molecular weight with usually higher melting points when compared with their parent compounds.
Experimental

Synthesis of 4-Amino-3-nitrobenzaldehyde (Diazo Component)
. 4-Acetylaminobenzaldehyde (60 g) was added to 150 mL acetic anhydride and heated to 105 ∘ C with vigorous stirring until it dissolved. The solution was cooled rapidly in ice-water to 30 ∘ C to produce a fine precipitate. 24 mL nitric acid and 60 mL acetic anhydride were carefully mixed, and the mixture was added dropwise to the stirred suspension of 4-Acetylaminobenzaldehyde (2) at a rate that the temperature did not rise above 35 ∘ C. The addition of about one-third of the acid produced colourless crystal deposits which have been shown by Hodgson&Beard to be 4-acetylbenzalidene diacetate (3) [10] . Further drops of the acid dissolved the crystals with a gradual temperature rise up to 50 ∘ C. The mixture was stirred at this temperature for a further 15 minutes and poured into 800 mL ice-water. The precipitated 4-acetylamino-3-nitrobenzalidene diacetate was filtered off, washed thoroughly with ethanol, and then with water before it was dried. Recrystallisation from ethanol produced 93% of the diacetate as pale yellow leaflets (64 g) with a m.p. of 112-113 ∘ C.
The diacetate (60 g) was added to concentrated hydrochloric acid (170 mL) and heated on a water bath for 15 min. After cooling, 257 mL water was added and the precipitated 4-amino-3-nitrobenzaldehyde (4) was filtered off, washed with water and dried. It was purified by recrystallisation from water, to produce orange needle like substance with m.p. of [188] [189] [190] ∘ C (see Scheme 1).
Diazotisation of 4-Amino-3-nitrobenzaldehyde.
4-amino-3-nitrobenzaldehyde (3.2 g, 0.02 mol) was added to a mixture of acetic acid (24 mL) and water (6 mL) and cooled with stirring to 12 ∘ C. Sodium nitrite (1.5 g, 0.02 mol), dissolved in 10 mL of water, was added in one portion and 10 mL of concentrated hydrochloric acid was added immediately. The mixture was maintained at [15] [16] [17] [18] [19] [20] ∘ C for 15 min, and then excess nitrous acid was destroyed by addition of small amount of urea. The solution was diluted with 200 mL ice-water to achieve 0-5 ∘ C and produced a clear solution of the diazonium salt (5). See Figure 3 .
Coupling of Diazotised 4-Amino-3-nitrobenzaldehyde to
Various Coupling Components. The solution of the various coupling components was cooled to 0-5 ∘ C and was treated with a cold (0-5 ∘ C) of the diazonium salt (Scheme 2) as prepared above, to produce dyes D1-4 ( Figure 1 ). Same procedure was followed to prepare coupling solutions with the substituted coupling components.
Condensation of Aldehyde Dyes
Derived from 4-Amino-3-nitrobenzaldehyde with Malononitrile. 0.006 mole of the azo dye and 0.006 mole of malononitrile were dissolved with warming in absolute ethanol (150 cm 3 ). One drop of piperidine was added and the mixture was refluxed for 15 minutes. On cooling, the product generally crystallized out and was filtered off and recrystallized from ethanol (Scheme 3).
Purification of Synthesized Dyes.
The dyes were purified by recrystallization from ethanol and their purity examined by thin-layer chromatography (TLC). CHO OHC 4-Amino-3-nitrobenzaldehyde 4-Formyl-2-nitrobenzenediazonium chloride
Figure 3 4-Amino-3-nitrobenzaldehyde
Where R 1 is the coupling component Journal of Textiles 
Where R 1 is the coupling component and R 2 is the active methylene compound (malononitrile) Scheme 3: Scheme for the synthesis of malononitrile-condensed disperse dyes derived from 4-amino-3-nitrobenzaldehyde.
Characterization of the Dyes.
The dyes were characterized by visible absorption spectroscopy using Unicam SP 800 spectrophotometer, IR spectral bands obtained from Pekin Elmer 100 FT-IR spectrophotometer.
The molar extinction coefficient presented in Table 3 was calculated using Beer Lambert's law.
Application of the Synthesized Dyes onto
the Substrates (Dyeing) 2.7.1. Application to Polyester. The dye bath was made up of 2% o.w.f. (dye), 1.5 mL chlorobenzene (carrier), and 50 : 1 (liquor ratio) at 100 ∘ C. The fabric (10 cm by 10 cm), after being wetted and thoroughly squeezed to remove excess water, was immersed into the bath at 50 ∘ C and allowed to reach the boil within 15 minutes. Dyeing was continued at the boil for 1 hour with constant agitation. At the end of dyeing, the substrate was removed, squeezed, and rinsed thoroughly under a running tap and allowed to dry at room temperature.
Application to Nylon.
The dye bath was made up of 2% o.w.f. (dye) and 50 : 1 (liquor ratio) at 100 ∘ C. The fabric (10 cm by 10 cm), after being wetted and thoroughly squeezed to remove excess water, was immersed into the bath at 50 ∘ C and allowed to reach the boil within 15 minutes. Dyeing was continued at the boil for 1 hour with constant agitation. At the end of dyeing, the substrate was removed, squeezed, and rinsed thoroughly under a running tap and allowed to dry at room temperature.
Reduction Clearing.
The dyed material was treated in a bath containing 1.5 g/L dispersing agent, 2 g/L caustic soda, and 2 g/L sodium dithionite at 60 ∘ C for 30 minutes. This was aimed at removing unfixed dye and carrier residues that may be left on the fabric after dyeing.
Results and Discussion.
The yield, colour, molecular weight, and melting points of synthesized dyes 1-4 and condensed dyes 5-8 are presented in Tables 1 and 2 , respectively. The UV/visible and IR spectral characteristics of the dyes indicate that they absorbed at very high wavelengths up to 680 nm for dye 1 and near infra-red region up to 780.5 nm for dye 5. The presence of the main functional groups such as carbonyl (C=O), azo (N=N), nitrile C≡N, nitro (NO 2 ), and hydroxyl (OH), in the structures of the dyes as presented in Table 3 and Figure 1 was established.
The solvatochromic study of the dyes was measured in acetone, dimethylformamide (DMF), and ethanol [9] . The results showed that the dyes absorbed at much higher wavelengths in DMF, an indication that DMF has greater polarity towards the dyes than the other solvents. The halochromism (effect of few drops of acid on the visible absorption band) of the dyes was studied in ethanol. The dyes exhibited both positive and negative halochromism on addition of one drop of hydrochloric acid to ethanol as indicated in Table 3 .
The condensation of the aldehyde dyes with the active methylene compound (malononitrile) imparted significantly on light absorption of the corresponding dyes. It is believed that malononitrile caused increase in resonance which in turn increased the intensity of absorption of light and consequently shifting absorption bands to longer wavelengths.
Infrared Spectral Characteristics of the Synthesized Dyes.
Infrared spectra of the synthesized dyes were measured in KBr pellets on a Perkin-Elmer 100 FTIR spectrophotometer. The results are shown in Table 4 .
The spectral results of dyes 5, 6, 7, and 8 as presented in Table 4 showed characteristic bands around 2900-3088.67 cm −1 indicating the presence of aromatic C-H stretching vibration. The aliphatic C-H bending vibration Table 4 : Infra-red spectral data for the dyes derived from 4-amino-3-nitrobenzaldehyde. 
Fastness Properties of Synthesized Dyes.
The dyes 1-8 were applied at 2% depth on the polyester and nylon fabrics. Their wash, light, and perspiration fastness are given in Table 5 .
A remarkable degree of levelness and brightness was observed after washing. This is a clear indication of good penetration and excellent affinity of these dyes to the fabrics.
The dyeing showed very good (4-5) to excellent (5) washing fastness generally on both polyester and nylon fabrics. The results from Table 5 show good (5) to excellent (7) light fastness properties for most of the dyes, except for dye 1 that was relatively poor (3). The observed higher fastness can be explained in terms of the reduction of the electron density at the azo group due to the inductive effect exerted by the CN group.
Fastness to perspiration averaged very good (4) to excellent (5) for most of the dyes. However, dye 7 gave poor fastness on both polyester and nylon. This is perhaps due to the weak hydrogen bond on -position on the naphthalene structure. The results indicate that majority of the dyes showed better perspiration properties to alkali than acid.
Generally, the malononitrile-condensed dyes provided better fastness to wash, light, and perspiration when compared with their uncondensed counterparts. This is thought to be due to increased molecular size and conjugation.
Conclusion
A series of new monoazo disperse dyes were produced by coupling diazotized 4-amino-3-nitrobenzaldehyde and their derivatives to different coupling components. The dyes provide a wide range of attractive colours varying from peach, yellow, and orange, to amber, brown, purple, violet, bluish, and greenish shades on fibre and offer excellent affinity and intensity of colour. The intrinsic conjugation in the nitrobenzaldehyde structure results in high bathochromic shifts and lead to brightness of shades. The nature of the substituent in the coupling components has a great influence on the visible absorption and shade of dying. Most dyes showed very good exhaustion and leveled and uniform dyeing. The remarkable degree of levelness after washing is a clear evidence of the good penetration and affinity of the dyes to the fabrics on which they were applied. The barbituric and naphthalene substituted dyes generally showed better fastness properties than their hydroylated analogues. The condensed dyes provided better fastness to wash, light, and perspiration when compared with their uncondensed counterparts. This is thought to be due to increased molecular size and conjugation. The compactness of the polyester fibre structure accounts for these dyes' superior fastness properties on it than nylon.
